Heating is one of the most commonly used methods of food preparation in homes and industries and prolong use of oil for this purpose causes changes in its physical and chemical properties. The effects of changing temperature on various chemical and physical characteristics of sesame seed oil were studied. The oil was extracted using soxhlet apparatus with nhexane as extraction solvent. The seeds of sesame (Sesamumindicum) were found to have high oil content. Both the chemical and physical characteristics were investigated within a temperature range of 25-290°C. At room temperature (25°C), the results revealed the chemical characteristics as follows: acid value (AV) (5.61mg/g); peroxide value (PV) (4.42 Meq/kg); free fatty acid (FFA) (5.89%). The physical characteristics were: moisture content (MC) (5.50%); density (0.99g/cm 3 ); refractive index (RI) (1.47). At elevated range of temperatures (170-290°C), there were corresponding changes in both chemical and physical parameters as follows: AV (5.61-5.91mg/g); PV (4.44-6.05 Meq/kg); FFA (5.91-6.06%); MC (3.98-0.71%); density (0.95-0.69g/cm 3 ); RI (1.46-1.40). The study showed that there was gradual increase in chemical properties with increase in temperature whereas, the physical properties decreased gradually with increase in temperature.
Introduction
Sesame (Sesamumindicum) is a flowering plant in the kingdom Plantae, Order Lamiales, Family Pedaliaceae, Genus Sesamumand Species indicum. Sesame is an annual shrub with white bell-shaped flowers with a hint of blue, red or yellow with or without branches [1] . Sesame fruits are a capsule with dimensions; 2-5 cm long and 0.5-2 cm in diameter. The capsule may have 4-8 rows of seeds in each sesame fruit capsule [2] . Sesame is a fairly high in value food crop, being harvested both for whole seed used in baking, and for the cooking oil extracted from the seed. It is grown for the production of seeds that are rich in oil content. It comes in a variety of colors, from creamy-white to charcoalblack. In general, the paler varieties of sesame seem to be more valued in West Africa and Middle East, while the black varieties are prized in the far East. Sesame is found in tropical, subtropical, and southern temperate areas of the world, particularly in India, china, south America and Africa. It has utmost economic importance and is primarily grown by small farmers in developing countries. Sesame is a tropical herbaceous annual plant that grows 1-2 m tall, the plant has an unpleasant odour and the leaves vary from ovate to lanceolate and are hairy on both sides. The flowers are purple to whitish, resembling foxglove, followed by 3 cm capsules/fruits containing numerous seeds [3] .
Sesamumindicum is an oilseed with a chemical composition of about 50-52% oil, 17-19% protein and 16-18% carbohydrate. The hull contains large quantities of oxalic acid, crude fiber, calcium and other minerals. When the seed is properly defueled, the oxalic acid content is reduced from about 3 % to less than 0.25 % of the seed weight [4] . Sesame seeds are used in various food items, as a flavoring ingredient. They are also known for their nutritional values, as well as therapeutic properties [5] . There are a number of health benefits of sesame seeds, which can be enjoyed by making them a part of your daily diet. They possess a plethora of nutrients that are extremely beneficial for overall human health [6] . Sesame oil comes from sesame seeds, but the composition of the oil depends on the kind of sesame seeds. There are black, white, and brown seeds. But in general, sesame oil consists of about 80% oleic and linoleic acids. A lot of other vegetable oils are also rich in these two unsaturated fatty acids but sesame oil is unique because it contains approximately equal proportions of the two [7] .
Seeds are important source of nutritional oil in industries and pharmaceuticals. The characteristics of oils from different sources depend mainly on their compositions and no oil from a single source can be suitable for all purposes [8] . Seed oils are known to deteriorate when processed inadequately with the principal decomposition reaction being oxidation. Oxidation of seed oil occurs through a free radical mechanism, initially characterized by the emergence of a sweetish and unpleasant odour which becomes progressively worse until it attains a characteristic smell of rancid fat. Heating is one of the most commonly used methods of food preparation in homes and industries and prolong use of oil for this purpose may cause change in its physical and chemical properties [9] . Under the influence of temperature, fat and oils are susceptible to oxidation primarily leading to the formation of hydroperoxides. Due to their high reactivity, these hydroperoxides especially at high temperatures rapidly react with secondary oxidative products e.g. aldehydes, ketones, peroxides, hydrocarbons as well as cyclic compounds that may exhibit very different possible toxic or carcinogenic properties [10] . The products formed during this oxidative process can be determined by chemical analysis and one of the frequently used tests employed to predict the quality of seed oils is the determination of peroxide value and iodine value.
A number of seed oils have been characterized but the vast majority has not been adequately evaluated. Sesame seeds oil is one of the seed oils currently gaining much attention and recognition in homes and industries where it is regularly being subjected to various heating processes. This research work therefore presents the effects of temperature change on the physicochemical properties of sesame seed oil. It is expected to further enhance its usefulness in Food industry.
Materials and Methods

Sample Collection and Preparation
Fresh sesame seeds were obtained from Babura town in Jigawa State. The seeds were screened to remove stones, sands and defective ones. They were soaked in tap water overnight. Then, the seeds were dried at 60°C overnight. The dried seeds were grinded using mortar and pestle. The grinded seeds were dried at 45°C overnight.
Oil Extraction by Soxhlet Method
Soxhletextraction method is the most commonly used semi-continuous process for the extraction of oil from foods. As according to Soxhlet procedure, oil was extracted by repeated washing (percolation) with an organic solvent (hexane). The ground sesame seeds samples were placed in a porous cellulose thimble. The thimble was then placed in an extraction chamber which was suspended above a flask containing the solvent and below a condenser. Heat was supplied to the flask, the solvent was evaporated and moved to the condenser where it was converted into liquid and trickled into the extraction chamber containing the sample. The flask containing solvent and oil was then removed at the end of the extraction process. After extraction and evaporation, then the extracted seed oil was stored in a freezer for subsequent physio-chemical analysis.
Percentage yield (% yield)
W 1 = Weight of the seeds before extraction W 2 = Weight of the seeds after extraction
Chemical Analysis
Determination of Acid Value
Acid value was determined according to AOAC [11] method. 1.5g of the oil was weighed into 250ml conical flask and 50ml of freshly neutralized ethyl alcohol was added followed by1ml of phenolphthalein indicator solution. The mixture was boiled for about five minutes and titrated while hot against 0.5N potassium hydroxide solution, the mixture was shaken vigorously during the titration.
Calculation:
Where, V = Volume in ml of standard potassium hydroxide used N = Normality of the potassium hydroxide solution and
Determination of Peroxide Value
Peroxide value was determined according to AOAC [12] method. One gramme (1g) of oil sample was added to 1g of potassium iodide and 20ml glacial acetic acid:chloroform 2:1. It was then boiled for 1 min. The hot solution was transferred into a flask containing 20ml of 5% potassium iodide solution.
Few drops of starch solution were added and titrated with 0.025 sodium thiosulphate to a faint yellow colour. One millilitre (1ml) of starch indicator was added and the titration continued until the blue colour disappears.
Where Titre = ml of Sodium thiosulphate used (blank corrected) N = Normality of sodium thiosulphate solution.
Free Fatty Acid (FFA)
Free fatty acid value was determined according to AOAC [13] method. Five grammes (5g) of the oil sample was poured into a conical flask. 50ml of hot alcohol was added with a few drops of phenolphthalein and shaken vigorously. The solution was titrated with 0.5 M sodium hydroxide (NaOH) solution with constant shaking until the pink colour remains constant. From the quantity of 0.5M alkali used, the percentage of acid present was calculated. 
Physical Analysis
Moisture Content
Moisture content was determined according to AOAC [13] method. Two grammes (2g) of oil sample was weighed and dried in a dish. The lid of the dish was heated in an oven at 105°C for 3 hours. The dish was then removed from the oven and the lid was closed and cooled in a desiccator containing phosphorus pentoxide desiccant and weighed. It was heated in the oven for a further period of 1 hour, then cooled and weighed again. The process was repeated up to the point where the reading was constant. The determination was carried out in duplicate.
Calculation
Where W1 = loss in gm of the sample on drying W = original weight in gm of the sample.
Determination of Density
The density was determined by the method described by A.O.A.C [11] . Density bottle was cleaned and dried in an oven. Then, it was cooled in a desiccator. The weight of the density bottle was obtained as W 1 , then the density bottle was filled with oil and the weight of the bottle plus the oil obtained as W 3 . Then the weight of the oil was obtained by subtracting W 1 from W 3 and was recorded as W 2 . The volume of oil was then obtained and recorded. The density of the extracted oil was calculated as follows:
Determination of Refractive Index
The sample was filtered through a filter paper to which the impurities and traces of moisture were removed. A stream of water was circulated through the refractometer. The temperature of the refractometer was adjusted. A few drops of the sample were placed on dry and clean prism. The prism was closed and allowed to stand for 2 minutes. The instrument was adjusted and lighted to which the most distinct reading possible was obtained and the refractive index was determined.
Results
Where, W 1 = Weight of the seeds before extraction W 2 = Weight of the seeds after extraction
Some chemical and physical properties of oil extracted from sesame seeds (Sesamumindicum) are shown in Tables 1  and 2 respectively. 
Discussion
Percent Yield
The oil from sesame seeds was extracted using normal hexane as a solvent by soxhlet apparatus. The oil has a gold color, free of haziness, oily liquid at room temperature with slight odour. The level of oil yield obtained in this study (53.3%) was higher than 44-51% obtained in groundnut seeds [14] . This study was also higher than 48% oilreported by [15] 47.8% oil by Saeed and Shola [16] for similar sample.
Acid Value
The acid value is an indication of the amount of fatty acid present in the oil sample. The suitability of any seed oil for any direct consumption or industrial application depends on its acid value [17] . The amount in mg of potassium hydroxide (KOH) required to neutralize the free fatty acid present in 1g of fats or oils is known as acid values. The acid values are also used to express the quantity of free fatty acid present in the oils and the determination is often used as a general indication of the condition and edible of oil. It means the higher the number of free fatty acid, the higher the acid value of the oil and vice versa. Normally, fatty acids are found in the triglyceride form, however, during processing the fatty acids may get hydrolyzed into free fatty acid. The higher the acid value found, the higher the level of FFA which translates into decreased oil quality.
Over the tested temperature range (25-290°C), acid value of minimum (5.61) and maximum (6.55 mgKOH/g) were recorded. From fig 1above, it is shown that heating sesame oil up to a temperature of 170°C does not affects its acid value, but when the oil is heated to 200°C, then the acid value increased, this suggested that as the operating temperature was raised high, acid value started to increase. Increasing acid value is an indication of deterioration of seeds oil, as demonstrated by the increase in degradation of chemical bonds in the oils at higher temperatures. The acid value in this study was slightly higher than the value reported by Godwin et al. (2015) (5.00mg/g) at room temperature for palm oil. However, it was lower than 10.7 mg/g reported by Evbuowmanet al. [18] for cashew nut seed oil.
Free Fatty Acid (FFA)
Free fatty acid is considered to be the percentage by weight of a specified fatty acid [16] . The free fatty acid was also found to be 5.89±0.10. The level of FFA in this report was found to increase with increase in temperature. The level of FFA at room temperature in this study was above the following literature values (%): varieties of melon seed oil (3.30-3.80) [20] , groundnut seed oil (2.33) [21] ; castor seed oil (0.14) [22] . High percentage of free fatty acid in oils is undesirable as it can cause off flavour, shorten the shelf life and lower the smoke point of oils Quality of oils is determined by the levels of FFA; oils of good quality have low levels of free fatty acids.
Peroxide Value (PV)
Peroxide value is a measure of oxidation or rancidity [23] . The peroxide value is a useful indicator of the early stages of rancidity occurring under mild conditions and it is a measure of primary lipid oxidation products [24] . It also gives a measure of the extent to which an oil sample has undergone primary oxidation while the extent of secondary oxidation may be determined by p-anisidine test [25] . The peroxide values of sesame oils were presented in Table 1 . Both at room and elevated temperatures, the peroxide value of sesame oil was found to be within the range suggested by Akinoso et al. [4] (3.90-15.4 meq/kg) for oil obtained from Nigerian varieties. Despite the increase in the PV at high temperatures, the value did not exceed the maximum level of 10 Meq/kg such that hydrolytic and lipolytic activities became increasingly as suggested by the Codex Alimentarius Commission [26] . The increase in PV is, however, not acceptable since this is a reflection of deteriorating oil quality [27] .
Density
From the definition, density of a substance is the ratio of its mass to its volume. Density of seed/vegetable oil is dependent on their fatty acid composition, minor components and temperature [28] . From Table 2 above the density of sesame seed was found to be 0.99±0.09 (at room temperature) and decreases with increase in temperature up to 0.69±0.01 at 290°C, this decrease in density with temperature might be due expansion of oil on heating. However, the density value of sesame oil in this study was higher than 0.847 reported for cotton seed oil [29] but lower than 1.16 in cashew nut seed [30] . The difference in density levels between seseme seed oil in this report compared to other sample might be due to variation in fatty acid composition and presence of minor components [28] 
Refractive Index
Refractive index (RI) of oil is the ratio of the speed of light at a defined wavelength to its speed in the oil itself. Refractive index varies with variation in the wavelength, temperature, degree and type of unsaturation, the type of substitutions of component fatty acid and accompanying substances. Refractive index is widely used in evaluating the quality control, to check for the purity of materials and to follow hydrogenation and isomerization [31] . From Table 2 above, the refractive Index of sesame oil was found to be 1.47±0.013 at room temperature which is within the Codex standard requirements. But when heated, the RI decreases slightly down to 1.40±0.008 (at 290°C) this indicates that, refractive index of sesame oil is not stable at elevated temperatures. The result of RI at room temperature in this study agrees with the following literature values: white and yellow melon seed oil (1.47) [32; 33; 34] and higher than 0.256 obtained from groundnut seed oil [35] .
Conclusion
The results of this study revealed that sesame seed is high in oil yield. The proximate values indicate it is adequate for both nutrition and health benefits. The peroxide value, acid value and free fatty acid of the oil increased as the temperature increased, while the moisture, density and refractive index decreased as the temperature increased, this implies that sesame seed oil is not stable above the frying temperature(170-190°C). According to this study, it should be noted that heating sesame oil above 190°C makes the oil rancid leading to the formation of hydroperoxides. The difference in the chemical characteristics of sesame oil with change in temperature might be due to the breakdown of primary oxidation products including hydroperoxide into smaller stable fragments, such as carbonyl compounds, alcohols and hydrocarbons.
